Objective. Medication documentation is a critical aspect of quality patient care. The current study examined whether electronic medical records provide medication documentation that is more complete and faster to retrieve than traditional paper records.
Medical records contain treatment history and relevant experiences pertaining to the care of the individual. As medical records are continually updated, they provide written proof of the medical life of a patient over time which can aid future courses of treatments and provide decision support. Traditionally, clinical documentation has been handwritten on forms and filed into paper medical records. However, the shortcomings of paper records are well known [1] . Handwritten medical records can be illegible, incomplete and poorly organized, making it difficult to ensure quality of care [2] .
The advent of computer technology has introduced enormous possibilities for electronic documentation and usage of electronic medical records. Electronic medical records are defined as medical records located on a shared computer network that are both read and written electronically on a relational database through a graphic user interface. Dudman [3] describes six levels of sophistication in electronic medical record systems, which were used to characterize electronic medical records in this study. The potential benefits of electronic records in healthcare, such as increased communication between users, reduced paperwork, fewer medical errors and cost savings have been widely discussed [4] [5] [6] [7] [8] [9] . Electronic records allow for 'just in time' access and have led to faster data searches and increased physician efficiency [10] . Surprisingly, the direct evidence of the advantages of electronic medical records over paper records is meager. Although there is an extensive literature on data accuracy in paper records [11] , this does not appear to be the case for electronic records [12] . Despite their potential advantages and strong federal recommendations [13] , the mental health field has lagged behind other healthcare specialties in utilizing electronic medical records [14] .
Unfortunately, there is reason to be concerned with the quality of documentation in psychiatric records. Surveys in community settings have found (i) management of antipsychotic medications is often at variance with evidence-based recommendations, (ii) documentation of target symptoms and side effects is frequently inadequate and (iii) documentation of treatments and their outcomes is often missing from medical records [15, 16] . Thus, there is a strong need to develop methods to assess and improve medication management and documentation. One large project that has made such efforts is Medication Management Approaches in Psychiatry (MedMAP) that will now be described.
As part of the National Evidence-Based Practices Project, MedMAP was identified as an evidence-based practice for severe mental illness [17] and a 'toolkit' was developed to facilitate its implementation [18] . The toolkit was limited to medications for schizophrenia, with the intent ultimately to expand to other disorders. The content of this toolkit was guided by a national panel of experts [19] , findings from the Texas Medication Algorithm Project [20] and the Schizophrenia Patient Outcomes Research Team recommendations [16, 21] . The MedMAP toolkit provides a set of criteria for medication documentation considered necessary for adequate patient care and its contents were used in this study.
The present study aimed to determine whether electronic medical records provide higher quality documentation than paper records, thereby improving the medication management of individuals with schizophrenia. No previous study found has examined this and it was hypothesized that electronic records would provide documentation that was more 'complete' and 'faster to retrieve' than paper records.
Methods
This study was a retrospective chart review of medication information compiled before and after the adoption of electronic medical records, comparing archived paper records to recent electronic records for the completeness and retrieval time of documentation at three mental health centers. All procedures were approved by the university's institutional review board.
Sampling
A convenience sample of three community mental health centers in Indiana was used. Each center served over 4000 patients annually, including over 200 patients diagnosed with a schizophrenia-spectrum disorder who received medication services. Two sites were located in a large city, whereas the third was located in a rural area. All three centers had been using electronic records for over 2 years.
The chart inclusion criteria were patient diagnosed with a schizophrenia-spectrum disorder, prescribed an antipsychotic and received medication services from the community mental health center for at least a year. At each center, 30 paper and 30 electronic records were randomly selected by each site's staff using a random numbers table. Patients selected for the paper record sample were excluded from the electronic record sample. A total sample of 90 electronic and 90 paper records were sampled across three mental health centers.
Assessors
Two clinical psychology graduate students served as assessors. Before data collection, they received a brief orientation at each site on its medical record system to identify the common data locations for the medication-related items. Assessors also received brief orientations to both the electronic medical and paper medical record systems at each site.
Measures
The Medication Management Approaches in Psychiatry (MedMAP) Checklist (see Appendix A) was a measure that was developed specifically for this study and was adapted from the prescriber level fidelity scale from the MedMAP toolkit [19] . The checklist contains 16 items with dichotomous ratings of 'present or absent' on items such as 'year of last hospitalization', 'level of current medication adherence' and 'past psychotropic medications'. Assessors rated each medical chart for documentation of these items within 1 year of the most recent note. Medical documentation beyond the 1 year period was considered outdated. A protocol with descriptions of item rating decisions, such as when to count an item as present or absent, was used to ensure standardization.
Completeness. Completeness was defined as the total number of items that were found to be present on the MedMAP Checklist. For each chart, items were summed for a total score, which ranged from 0 (all items absent) to 16 (all items present).
Retrieval time. Retrieval time was measured by the time needed for each assessor to find and rate all items on the MedMAP Checklist. For each chart, assessors self-timed themselves using a stopwatch that was started with the first item on the MedMAP Checklist and stopped after the last item was completed. The average times for the two assessors for each chart were calculated and used as the measure of retrieval time in data analyses. All the primary analyses in the study were repeated using individual assessor times, yielding similar results, suggesting that the mean of the two assessors was a satisfactory measure.
Data collection
A brief structured interview was conducted with program directors to obtain information about their medical record systems and documentation-related changes over the years.
Then, the random sample of paper records was independently rated and timed by each assessor using the MedMAP Checklist. Assessors rated charts in different order, but the same group of charts on the same day. At the end of the day, assessors discussed their individual ratings and reached consensus. After paper records were rated, the same procedure was repeated with the random sample of 30 electronic records. Paper and electronic records were assessed on separate days.
Data analysis
The data were checked for outliers; assumptions of normality and homogeneity of variance were tested. The inter-rater reliability between assessors was calculated with intra-class correlation coefficients based on a two-way mixed model using the average measure reliability [22] . To gauge whether assessors became faster with more experience in rating charts at a site, 'learning curves' were visually inspected and correlations were conducted between retrieval time and the order charts were assessed. Descriptive statistics for patient demographics were calculated and differences between documentation format samples were tested. The main outcomes, completeness and retrieval time were summarized as the mean total number of items per chart and mean retrieval time per chart, respectively. To test each of the main outcomes, two factor analyses of variance were used with the family wise error rate set at a two-sided alpha level of 0.05. Correlations were conducted between the two main outcomes for each documentation format separately and together to observe any relationships. At the item level, frequency analyses of completeness were conducted and independent t-tests were used to test for differences.
Results

Preliminary analysis
The mental health centers in this study all used different electronic medical record systems. Using Dudman's [3] differentiation of electronic medical records, the first author rated all three electronic medical record systems at a Level 2, meaning they had an integrated patient administration system that was indexed and had independent departments. One chart had a particularly long retrieval time and was an outlier so it was excluded from all related analyses. Distributions of completeness and retrieval time values were roughly normal for both documentation formats with skewness and kurtosis all within the range of 21 to 1. A log transformation was performed on retrieval times to meet the assumption of homogeneity of variance. There was adequate inter-rater reliability on completeness for paper records (intra-class correlation coefficient ¼ 0.65, P , 0.001) and electronic records (ICC ¼ 0.71, P , 0.001) when aggregated across the three study sites. On retrieval time, there was also adequate interrater reliability for paper records (ICC ¼ 0.78, P , 0.001) and electronic records (ICC ¼ 0.66, P , 0.001), when aggregated across sites. At the item level, aggregated across sites, there was high agreement between assessors on ratings (Cohen's Kappa ¼ 0.61, P , 0.001).
Learning curve effects were examined to observe whether there were differential learning curves in retrieval time between documentation format and between sites that may have influenced or confounded the results. There appeared to be learning curves for both documentation formats with significant correlations found between retrieval time and the order that charts were assessed (P , 0.05). But no consistent pattern emerged across sites. Various supplementary analyses were conducted on the learning curves and they were found to have no material influence on the main results.
There were no significant patient demographic differences between the PMR sample and the electronic medical record sample (see Table 1 ). As expected, the duration of treatment documentation was significantly longer for paper records than electronic records.
Differences on completeness and retrieval time
Two-way analysis of variance analyses found highly significant main effects of documentation on completeness and retrieval time, showing that documentation in electronic records were significantly more complete and faster to retrieve than paper records across the three sites, as shown in Table 2 . On average, electronic records had about two more items on the MedMAP Checklist documented than paper records or were 40% more complete; each electronic medical record also took 89 s less to rate or was 20% faster to retrieve than paper records. The correlation between completeness and retrieval time for paper records was r ¼ 20.15 (n ¼ 90) and not significant; but for electronic records, it was r ¼ 20.31 (n ¼ 89) and was significant (P , 0.01). Table 3 shows item-level analyses of the MedMAP Checklist and which items tended to be less complete than others. To assess whether paper records and electronic records showed a similar pattern of completeness, a correlation was calculated using the 16 pairs of item percentages as data points. This yielded a correlation of 0.86, which suggests similar kinds of information were being omitted in both documentation formats. All 16 items showed improvement in completeness moving from paper records to electronic records, except for Item 15-'Documentation of Weight'.
Discussion
Electronic medical records have begun to be implemented in the mental health field. This study looked at three mental health centers that have recently replaced their paper medical records with electronic records. Documentation in electronic records was found to be significantly more complete and faster to retrieve than paper records. This is a crucial finding because medication documentation chronicles the treatment life of patients and serves as support in making treatment decisions. Although the study focussed on schizophrenia, it is plausible to hypothesize that these findings would generalize to other mental illnesses as well, which also require careful and extensive medication documentation. Yet, medication practices have often been found to be deviant from evidenced-based recommendations [21] .
Medical errors are a serious problem in healthcare and are often a result of documentation errors made in paper records [1] . This study did not examine documentation errors per se; it used a proxy measure to assess the adequacy of documentation. So, it looked at whether items that should be documented were documented without determining accuracy or actual medication practices. But this study is a step towards documenting a critical strategy for ameliorating errors because omission of documenting items precludes correction of errors. The findings of this study suggest that implementing electronic medical records to replace paper records may be a fruitful avenue to advancing the quality of documentation for patients. The findings also suggest that the more complete documentation is the faster it is to retrieve; results found this relationship to be particularly true for electronic records. This is another argument for the use of electronic records, in that they may increase the retrieval time of documentation by being more complete. And yet the mental health centers in this study had only begun to use electronic records in the last few years compared to decades of use with paper records.
Certain medication documentation elements tended to be more complete than others, with similar items showing up for both electronic and paper records, namely, documentation of diagnosis, medication adherence and patient education. But electronic records had dramatically more complete documentation on two items related to current medications and rationale for their prescriptions. This finding has practical significance because it is essential for prescribers to know what medications patients are currently taking and why. Electronic records shared some similar items that were missing with paper records. These were documentation related to past psychotropic medications and documentation of glucose. But all 16 items, except one about weight documentation, showed improvement in completeness with using electronic records in place of paper records.
Despite the advantage of electronic medical records over paper records, the fact remains that there is still great need for improvement in medication documentation. Despite the evidence for items on the MedMAP Checklist, less than half were found to be documented in the charts in this study. Thus we can extend the findings of previous research [15, 16] that medication practices are still often at variance with evidence-based recommendations and more attention is needed in translating research into practice.
The results of this study corroborate several findings from a pilot study of the MedMAP fidelity scale [19] . In both studies, documentation about past medication treatments, side effects and outcomes were poorly documented. The MedMAP Checklist may have potential to be used as a shortened version of the original fidelity scale. As the fidelity scale was a measure that often took several days to complete with the prescriber portion averaging 36 min per chart, the MedMAP Checklist may be a viable alternative that takes considerably less time to use (7.60 min per chart for paper records, 6.08 min per chart for electronic records). However, it is also notable that the checklist is not as comprehensive as the fidelity scale as it does not measure as many items and does not measure them on a gradient.
We speculate that the findings of this study would generalize to other community mental health centers. This study found that the documentation in electronic records were more complete and faster to retrieve than paper records in 'each' of the three sites and that can be seen as three replications with the same results. It is possible that even greater advantages can be found for electronic records if sites were given even more time to adapt and develop their systems. However, the value of electronic medical records in mental health services remains largely unexplored. There are many areas for future research. As this study was mainly an omnibus test of electronic records versus paper records, the mediators responsible for the higher level of completeness and faster retrieval time of documentation in electronic records were not systematically studied. Several untested hypotheses were formed during this study and may be fertile areas for future study. In interviews with program directors, they expressed the opinion that electronic records held staff more accountable for their documentation. The use of electronic records may create an organizational culture that changes attitudes about documentation. Another possible explanation may be in the forms themselves. Some form fields on the electronic records could be programmed to require staff to complete before progressing through other fields on the form. This was not examined in the current study because fields varied even within forms, let alone between agencies. Other possible explanations may be that staff find it easier or more agreeable to type than handwrite data, electronic records can be linked to billing systems, and electronic records exist in virtual space whereas paper records are organized by staff and have to be physically sifted through.
Study limitations
As the program director interviews revealed, there have been changes in Health Insurance Portability and Accountability Act regulations in the past few years that may have altered how and what was documented during the same time electronic medical records were being implemented at each of the sites. Some organizational changes were reported by some sites as well that may have influenced the results. Site A reported that mental health and addiction services were combined for the first time when the electronic medical record system was created; Site B reported minor organizational adjustments involving splitting their office management from two geographic areas to three.
Staff characteristics could have affected the completeness and retrieval time of documentation over time. Staff characteristics may have had a significant influence on medication documentation as some prescribers are more adept and diligent with documentation than others. The clinicians at each agency may have changed over time or documentation practices may have changed. A final limitation of this study is the lack of a gold standard to determine the accuracy of documentation in medical records, i.e. documentation may be complete but not accurate. Other studies have encountered the same problem and the ideal to capture the true nature of the patient is difficult, if not impossible to achieve [23] . However, this study points to areas of medication management that may improve with using electronic records instead of paper records, so that the mental health field can benefit from the advantages of technology and translate them into a higher quality of care for patients.
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